IVAN C. HALL reagent to serve both as a means of removing oxygen and as a criterion of removal at the same time, so that the latter purpose can be achieved only when combined with other means of oxygen tension reduction.
Fermi and Bassu (1904) , using alkaline pyrogallol as a criterion. encountered extreme difficulty in demonstrating complete anaerobiosis. For example, they found that boiling media under paraffine oil for over one hour does not prevent the darkening of an alkali-pyrogallol mixture placed therein and a similar -statement was made respecting the passage of hydrogen and carbon dioxide through media. It appears from my own experiments that the colored compounds formed by the action of oxygen upon alkali-pyrogallol mixtures are quite stable and the reactions irreversible, for neither very weakly alkaline-solutions which show only a trace of color with pyrogallic acid nor strongly alkaline deep colored solutions can be decolorized by prolonged boiling. Therefore the difficulty of making the mixture without obtaining some coloration and the further impossibility of removing it previous to actual test distinctly limit the practicability of alkaline pyrogallol as a criterion of anaerobiosis, notwithstanding its great value as a means of oxygen tension reduction.
More extensive use has been made of substances which in the absence of free oxygen are reduced to leucobases. Some of these can be used, not only in media during the active growth of organisms, but separately as well, for estimating the suitability of special apparatus. Among such indicators may be mentioned potassium ferro-ferro cyanid, litmus, indigo (sodium indigo sulphonate) and methylene blue.
Potassium ferro-ferro cyanid [(K2Fe (Fe Cy6) )] is of slight historical, but no practical, importance. It was used by Gunning (1877) (1878) (1879) and is said to become colorless [Fe2Fe Cy6] when air is eliminated.
The earliest authentic reference to the bacteriological use of litmus appears to be that of Wurtz (1892) who introduced litmus lactose agar as a differential medium for Bact. coli and Bact. typhosum. It was impossible to confirm Novy's (1893) allusion [copied by Hunziker (1902) ] to Buchner (1885) and Cohen (?) as first to use litmus to indicate acid and reduction changes respectively, the last reference apparently being altogether erroneous. The decolorization of indigo and methylene blue in culture media were studied by Spina (1887) whose interest in these dyes hinged rather upon their reduction by bacterial growth though he recognized the phenomenon as occurring most vigorously in the depths and noted the return of color on exposure to the air. Kitasato and Weyl (1890) confirmed this observation so far as regards sodium indigo sulphate. The decolorization of all three dyes by sterile culture media under anaerobic conditions, as well as by living aerobic and anaerobic cultures, was especially investigated by Smith (1893) (1896) who noted the necessity of some organic substance such as glucose or peptone and an alkaline reaction in the case of sterile media decolorized by heat.
I found neutral litmus solutions unaffected in color by heating for twenty minutes in a boiling water bath, and the same is true of litmus with 1 per cent glucose. Litmus solutions with 1 per cent glucose and HCI stronger than N/8 were precipitated by heating and the precipitate was not redissolved on cooling; weaker acid solutions were unaffected except for reddening. Strong alkali N/2 to N/32 caramelized the sugar and decolorized the dye permanently; weaker solutions decolorized on boiling for a few minutes and regained their original blue color only on exposure to air.
The recoloration of such decolorized solution of litmus, indigo and methylene blue by exposure to air indicates reversible reactions and constitutes the key to the use of such dyes as criteria of anaerobiosis. McLeod (1913) cleverly utilized the blue laboratory pencil mark as a criterion of anaerobiosis upon the basis of its decolorization in the absence of air. Some pencils fail to respond, however, according to my experience.
METHYLENE BLUE AS A CRITERION OF ANAEROBIOSIS
The most valuable and most extensively advocated chemical criterion of anaerobiosis is methylene blue. Introduced as an ingredient of culture media by Spina (1887), studied as an indi-cator of anaerobiosis by Smith (1893) and others, it has been used to a certain extent by almost every serious investigator of anaerobiosis since. . Smith (1893) (1896) noted its decolorization in the closed arm of the fermentation tube. Sanfelice (1893) and Liefmann (1908) defended the use of glass slips on the basis of the decolorization of methylene blue in the underlying agar. Trenkmann (1898) and Rivas (1902) used it in their culture tests with Na2S as a reducing agent. Kabihel (1899) used it in his bell jar device for plates and thereby showed the necessity of removing the covers for efficacious absorption of oxygen by alkaline pyrogallol; he also showed its value as an indicator of the anaerobiosis of deep culture media, liquid and solid. It was used by Petri (1900) in connection with oxygen tension reduction by hydrogen and alkaline pyrogallol, by Sellards (1904) with phosphorus, by Fremlin -(1903) (1904) , Stiller (1904) , Berner (1904) , Lentz (1910) with various plating devices, by Wrzosek (1907) (1909) , Liefmann (1907) , Hata (1908) , Guillemot and Szczawinska (1908) , Zinsser, Hopkins and Gilbert (1915) with plant and animal tissues, by Laidlaw (1915) , and McIntosh and Fildes (1916) in the use of spongy platinum and palladium black as hydrogen-oxygen catalysers, by Wilson (1917) in the use of coal gas, by Douglas, Fleming, and Colebrook (1917) in connection with many porous substances and by a great many others.
CHEMISTRY OF METHYLENE BLUE
Discovered by Caro in 1876 and used empirically for many years in the arts, methylene blue, as a chemical compound, was studied most authoritatively by Bernthsen. He showed (1883) that Na2S204 reduces it to its colorless leuco base, methylene white, which may be crystallized out of ether and whose aqueous solution becomes dark blue again in acid solution with iron chloride. Mohlau (1883) expressed the rule that methylene white is changed to methylene blue by oxidizing agents in acid solution. Bernthsen (1883) engaged in a brief polemic with Mohlau (1883) and Erlenmeyer (1883) as to the structural formulae of these compounds and finally (1884) Fremlin (1904) found an alkalinized methyl alcohol solution of methylene blue more delicate than an aqueous solution but recognized the possible inhibitory action of the volatile spirit upon bacterial growth.
As Bernthsen has shown, commercial methylene blue is likely to be a mixture with inethylene azure, the latter being formed by the action of alkalis. Underhill and Closson (1905) have given methods for the purification of both, which however is not necessary in using methylene blue as a criterion of anaerobiosis since both compounds yield colorless leuco-bases under similar conditions; furthe'rmore methylene azure is formed from methylene blue under conditions of alkalinity such as obtain in the test.
EXPERIMENTAL WORK
Decolorization-Preliminary discussion The writer's interest in methylene blue as a criterion of anaerobiosis dates from the invention of the constricted tube and marble device (Hall, 1915 (Hall, 1915) On boiling five minutes all were decolorized above and below except tube 4. This experiment thus illustrates not only the point just mentioned but also our frequent observation that very weakly alkaline solutions are likely to fail to decolorize if allowed to stand exposed to the air long before use, probably owing to neutralization by CO2. This is a point to which we shall return.
As to variations in dye content with N/1000 NaOH and 1 per cent glucose, 1:1000 and 1:10,000 methylene blue failed to decolorize in this particular experiment while solutions containing 1:100,000 did so. The weaker the concentration of dye, the less alkali is required.
With N/1000 NaOH and 1:10,000 methylene blue variations in glucose from 0.15 to 20 per cent appeared to make little or no difference in decolorization, yet further dilution and variations in alkalinity and dye content showed distinct effects, to which reference will now be made for it is apparent that the three * reagents necessary in a test for the decolorization of methylene blue by heating bear a definite quantitative relation, one to another. Briefly, the amount of alkali required bears an inverse relation to that of glucose but the necessary amounts of these two reagents bear a direct relation to that of methylene blue. The more alkali the less glucose is required and vice versa, but the more methylene blue the more glucose or alkali is required. Those relations are best displayed in the following experiment:
For the purpose of this and several similar experiments a copper water bath with a support providing for 10 rows of 10 perforations each to hold test tubes was used. The tubes were of uniform size as to length and bore; they were carefully cleaned and placed in the support in rows corresponding to the record marks of table 2, one tube for each mark. To each were first added 7 cc. neutral distilled water and 1 cc. of an aqueous methylene blue solution 10 times the strength required in that particular section of the experiment. Solutions 10 times the strength of glucose required in each of the vertical rows and of sodium hydroxide in each of the horizontal rows were prepared and of these 1 cc. each was added to each tube in the test. In such an experiment it is always important to add the alkali last to avoid any considerable action of a concentration greater than that indicated by the recorded data. The total volume of liquid in each tube was 10 cc.
The support with the tubes was then placed in the bath filled with boiling water and the boiling continued for ten minutes, when the support with the tubes was removed and the color or lack of color in the solutions recorded. The reading was repeated five and fifteen minutes after removal from the bath.
To facilitate the manipulation and observation of so many tubes when an important time element is involved it was necessary to divide the experiment in point of time into three sections corresponding to the different quantities of methylene blue used; conditions were duplicated as far as possible in each section with the exception of the quantity of dye, even to the use of dilutions from identical solutions of the three reagents. Also while the data submitted were secured during the space of one afternoon, the tests were repeated several times on other occasions with essentially similar results.
The lines drawn in table 2 indicate the division at each reading between those tubes showing definite color and those not showing color. Next the line on the colored side there were always tubes partially decolorized. As the tests were exposed to room temperature and the air the division line had to be moved in the direction of stronger alkali and stronger glucose, in short, those solutions containing least sugar and, least alkali were last to decolorize and first to regain their color. marized by Woodyatt (1915, 1918) , indicates a tremendous variety of reactions according to the sugars concerned, the concentration of hydroxyl ions, and absence of air, etc. In general, the basis laid by Lobry de Bruyn (1895), Lobry de Bruyn and Van Ekenstein (1895 , 1896 , 1897 Nef (1907) , Mathews (1909) , Henderson (1911) , Glattfeld (1913) , and others, indicates two groups of products resulting from alkali treatment, first, isomers as a result of the action of weak concentrations, low temperature, etc., and second, split products as a result of stronger concentration and higher temperature. Weak alkalis are transformative, strong alkalis destructive. The literature indicates clearly that glucose ionizes in the presensce of alkali as a weak acid, which can be readily shown by colorimetric determination of the change in H+ ion concentration of alkaline buffer solutions to which glucose is added. Alkali upsets the stability of the molecule causing the formation not only of all the possible isomers, but of metallic glucosates, and sugars of one, two, three, four, and five carbon atoms as well as oxy-acids.
The fact that decolorization occurs in the presence of minute quantities of alkalis might seem to speak strongly for some isomer as responsible for decolorization. But since isomers as well as the original sugar are destroyed by higher concentrations of alkali and these decolorize more readily than low concentrations we cannot entertain this idea seriously. Also the decolorization of methylene blue in similar concentrations of glucose and levulose depends upon identical concentrations of alkali; thus 0.1 per cent solutions of these sugars were decolorized in N/800 NaOH but not in N/1600 NaOH during ten minutes boiling.
Similarly the temptation to explain the possible reduction-of alkalinity in the test almost to the vanishing point, by increasing the glucose content, as a result of the adulteration of glucose with effective isomers or split products is checked by the observation that even 20 per cent solutions of glucose without alkali fail to decolorize methylene blue on prolonged boiling.
On the other hand we are unable to exclude split products as the effective agency when alkali is present. Methylene blue solutions caramelized by boiling a few minutes in N/10 or stronger NaOH, and, when neutralized or even slightly acidified, and allowed to regain their color (yellow + blue = green), can be decolorized (yellow) in this condition by further boiling; furthermore, prolonged boiling of glucose, levulose, and lactose in strongly acid solutions also results ultimately in more (I . omplete decolorization of methylene blue.
Some of the organic acids were noted above as f iLarnish conditions necessary for the decolorization of heaiecL methylene blue solutions even in the presence of glucose. Alone in N/10 concentration, neutralized with equivalent amounts of N/10 NaOH, and alkalinized to N/10 NaOH, they also fail. Neither formaldehyde, a building stone of glucose, nor ethyl alcohol, one of the most frequent fermentation products of glucolysis, in 5 per cent solution, acidified with HCI to N/10, neutral, or alkalinized to N/10 NaOH, causes the decolorization of methylene blue solutions containing 1 part per 100,000 on boiling. Other products of alkali glucolysis must be tested if we are to fasten the responsibility for the decolorization of methylene blue upon a definite single substance. Our present speculations lead us to suspect that decolorization of methylene blue depends upon those conditions which liberate nascent hydrogen and, that the formation of metallic glucosates by alkalis is somewhat analogous in this respect to the action of HCO on zinc. Or, it may be that the hydrogen required for the reduction of methylene blue to its leuco-base is derived from the dissociation of water and corresponds to the equivalent oxygen uniting with the residue of the sugar molecule, according to Nef's theory.
Two per cent Witte's peptone solutions and 2 per cent agar solutions with 1:100,000 methylene blue are decolorized by heating with alkali. But with peptone, at least 1 part N/i NaOH in 128 had to be present, owing possibly to the considerable buffer action of peptone. With agar solutions (pH = 7) decolorization occured with 1 part N/i NaOH per 200 agar but not with 1 part per 250, although agar is supposed to have little or no buffer action according to Clark and Lubs (1917) . Addition of 0.5 per cent glucose did not permit decolorization in less alkali than in controls without glucose, in fact the presence of agar inhibits decolorization in concentrations of alkaline glucose solution which will readily decolorize without the agar.
In the decolorization of methylene blue temperature is a factor; heat plays a double r6le, driving out oxygen by lowering the solubility poiilt and accelerating the chemical reaction between alkali and organic matter.
Sunlight4-aP effects the decolorization of methylene blue but this factor i&,mentioned here only as a disturbing influence which has been avoided in the experimental work. Lasareff (1912) and Gebhard (1912) have shown that the bleaching effect of light is most intense in the absence of oxygen; the color returns in the dark in the presence of oxygen providing exposuce was to wave lengths less than 620 ,u, but otherwise does not. Table 3 displays the results of an experiment showing that the return of color to decolorized methylene blue agar in bright sunlight is considerably less rapid than in diffuse light or in the dark. As a general rule, the delicacy of methylene blue as a criterion of anaerobiosis varies directly as the kind and amount of reducing agent employed, and the temperature used to effect decolorization, and inversely as the alkalinity of the solution. As shown in-table 2 those decolorized solutions last to lose their color were first to regain it. In general a moderate concentration of glucose, e.g;, 0.5 to 2 per cent with a low concentration of alkali (N/500 to N/1000 NaOH) gives the best results for tests involving liquids; 2 per cent neutral agar, plus 1 part N: 1 NaOH per 100 is satisfactory for tests involving solid media.
There is a possible fallacy in. the use of too weakly alkaline solutions, namely, that on standing they cannot be decolorized by boiling. By (1907) , Liefman;n (1907) , Guillemot and Szczawinska (1908) , and Hata (1908) Acid (N/100 HCO) and alkaline (N/100 NaOH) solutions gave similar results. Heating such a series immediately in the boiling water bath resulted in decolorization of the alkaline solution only. Exposed to the air in the tube the color returned to this solution on cooling in an intensity practically equal to that of the neutral and acid solutions. Adsorption proceeded in all three and did not seem to be notably accelerated by the heating. Previous boiling of the -potato fragment seemed to have no influence on the result.
Extraction by boiling a 1 gram fragment of potato in 1.0 cc. of N/10 HCl, neutral water, or N/10 NaOH for ten minutes and decanting the supernatant fluid yielded a solution containing a reducing substance for methylene blue which could be demonstrated by its decolorization on boiling in N/20 alkaline solution. The color readily returned to such solutions on exposure to the air in a Petri dish. The method of extraction suggested that the substance extracted was probably starch which assumption was substantiated by the iodine test. Starch reduces methylene blue on boiling in alkaline solutions.
Experiments with animal tissues, such as rabbit and guinea pig liver, in aqueous solutions of methylene blue gave results apparently identical with those recorded for plant, i.e., potato tissues. The solutions, acid, neutral and alkaline, became decolorized in the immediate neighborhood of the tissues within a few hours and almost completely, throughout, in twenty-four hours. The nearly colorless solutions separated from their tissues did not regain their color on exposure to the air nor could they be completely decolorized by heating except in the case of the alkaline solution. Alkalinization of the neutral andacid solutions, however, facilitated their rapid decolorization by heat. The tissues became slightly tinged with blue during contact with the dye solution and quickly colored on exposure to the air, both on the surface and in the exposed depths. These phenomena coincide exactly with those observed for the plant tissue and point to the same two processes, adsorption and reduction.
But when it came to extraction of the reducing substance from the animal tissues it was found that the solutions from freshly boiled liver, whether acid (N/10 HCI), neutral, or alkaline (N/10 NaOH), failed to decolorize methylene blue added to them, even when strongly alkalinized and heated further. Immediate decolorization upon the addition of a trace of glucose proved the suitability of the general conditions of the test for the proof of a reducing agent. But kept in the ice chest overnight either with or without previous boiling, and in acid, neutral or alkaline solutions and then further boiled immediately previous to separation of the clear supernantant fluids, guinea-pig liver yielded a reducing substance to the fluid capable of decolorizing methylene blue under the influence of heat in alkaline solutions. Guinea pig kidney also gave a similar result in neutral distilled water; acid and alkaline extractions of kidney were not tried.
The results with these animal tissues differ from those with potato, both in respect to the relative ease of extraction of the reducing agent in the latter case, and probably in regard to its chemical nature. There is little reason to doubt that the reducing substance extracted from potato is starch; the chemical nature of that from the animal tissues is only conjectural. We may say definitely that it belongs to the non-heat-coagulable extractives, that it is not materially affected by relatively strong acids and alkalis, and that it escapes from the tissue into the solution during sixteen hours maceration in the ice chest or at room temperature, with or without previous boiling. Furthermore, and this may be the point overlooked by Zinsser, Hopkins and Gilbert (1915), a necessary condition for decolorization of methylene blue by heat in the presence of either the reducing substance from potato or that from rabbit and guinea pig liver and kidney is an alkaline reaction. Solutions so decolorized regain their color on exposure to air.
Thiis in considering the action of such plant and animal. tissues in anaerobic culture media from the standpoint of their effect 2IVAN C. HALL on methylene blue we have to recognize that both adsorption and reduction are concerned.
To complete a representative study of porous substances used in the cultivation of anaerobic organisms I have selected white sea sand. There has been a strong suggestion in such recent work as that of Douglas, Fleming and Colebrook (1917) In summary, the difference between plant and animal tissues and inert substances such as sand are the differences between more or less soluble organic substances and insoluble inorganic substances. No doubt, plant and animal tissues may serve the same mechanical purposes as sand; in addition they may supply nutrients to the medium, buffer substances and possibly even "vitamins." With plant and animal tissues in media, otherwise lacking in reducing substances, these may be of supplementary importance in the cultivation of obligate anaerobes. Finally, unless we are willing to concede some importance to adsorbtion as a factor in anaerobiosis, sand and other inert porous substances may serve only as a means of maintenance of reduced oxygen tension, i.e., as seals, whereas tissues may serve not only this purpose but may actually aid in the reduction of oxygen tension in addition to the nutritive functions they fulfill. We may emphasize the importance of heat in this connection since the existence of a true self active reducing agent as distinguished from the phenomenon of adsorbtion seems as yet unproved.
As to physical reduction, i.e., ebullition, the data already presented bear testimony to the efficacy of boiling. In these tests, as in the actual culture of anaerobes, boiling is often an essential preliminary procedure in the test. The use of both liquid and solid deep media so decolorized shows the first return of color at the top and proves the importance in the case of liquid solutions, of such factors as narrowness of bore in the tube volume of solution, the effect of diffusion currents, etc. With solid media these are not so important.
In 1, 2 and 3 per cent agar, with N/100 NaOH and 1:100,000 methylene blue, decolorized by boiling in standard culture tubes of 1.5 Depth of returning blue band in decolorized methylene blue agar of varying densities air soon after boiling. But large flasks of solution or very slender deep tubes of such decolorized solutions remain decolorized for some hours-sufficiently long, indeed, for anaerobic growth to be initiated in suitable media heavily inoculated under similar circumstances. In the Smith fermentation tube efficacy for anaerobic culture, or maintenance of decolorization of methylene blue, depends largely upon the bore at the bend and satisfactory results for either cannot be secured without the use of a special seal, such as sand, tissues, etc. In some unprotected tubes the color returned to the solution in the closed arm in fifteen minutes, in others in sixty minutes and in still others after several hours; with sand seals the dye color returned only in the open arm and then gradually faded even here through adsorption.
The method of deep colony culture -between the nested halves of a Petri dish when tested with methylene blue showed a progressive recoloration of the decolorized dye from the periphery inward, except when protected by a paraffine or vaseline seal.
There is no phase of the methylene blue problem to which we have given more careful attention than its use in connection with insoluble liquid seals, i.e., hydrocarbon oil, wax and grease. The widespread use of these substances as a means of excluding oxygen together with the theoretical and practical objections to their use, especially in the case of oil, have justified a searching examination of this matter. The results with methylene blue only serve to support the conclusion that liquid hydrocarbons are to a degree superfluous and inefficacious means of maintaining anaerobiosis; on the other hand the waxes and semisolid grease seals are more satisfactory for certain purposes, from the standpoint of air exclusion, though inferior to mechanical seals in the matter of convenience and cleauliness.
In This representative experiment indicates that oil is much less efficacious than sometimes assumed as a means of oxygen exclusion. The progressive ease of repeated decolorization in relation to depth of oil suggests that carbon dioxide is excluded somewhat better but one must not lose sight of the fact that the maximum depth of oil in this experiment is much greater than ordinarily used.
on November 4, 2017 by guest http://jb.asm.org/ Downloaded from I have noted elsewhere (1915) that, culturally, the growth of obligative anaerobes is delayed under oil except where relatively large inocula are used. In certain experiments, comparing the efficacy of the marble and oil (2.5 cm.) seals in constricted tubes with identical media, growth has been negative with the oil seal in twenty-four to forty-eight hours at a million times the dosage showing definite growth under the marble. Continued observation of the oil tubes has usually decreased the disproportion, however. Although these experiments suggest an inhibitive action of the oil this was not substantiated by comparing progressively diluted cultures under both the oil and marble with a similar set under the marble only; in this case equivalent dilutions developed in parallel order.
In this connection it was interesting to study the effect of filling a constricted tube with alkaline methylene blue solution and oil in such a way that the marble seal lay in the oil. The results of a carefully controlled experiment are summarized herewith, the solutions having been decolorized first in the usual way by heating and removed for observation. Tube 3 in addition to showing this remarkable result also shows regularly, in such an experiment, a striking and fairly permanent emulsification of water in oil which has been made the subject of a special monograph by the writer (1917) . But it was most disconcerting to find that the marble placed in the oil fails to protect the decolorized solution from recoloration on cooling and suggests that the effect of heating a solution in contact with oil is to drive the oxygen from the solution in which it is less soluble, into and possibly to some extent through the oil, in which it is more soluble, and that on cooling there is a return of some of the oxygen from the oil to the solution.
A duplication of this experiment using phenolphthalein instead of methylene blue showed that CO2 also is probably similarly concerned; for with the marble seal in the solution the alkaliniy of that portion below the seal was protected for over twenty-one hours as against a failure above the marble but below the oil within 1 hour, while with the marble in the oil the solution was only faintly alkaline at one hour and frankly acid at three and one-half hours.
It is impossible to attribute any change in reaction directly to contact with the oil in view of an experiment with oil layered on standard buffer solutions of known acidity (pH = 5, 6, 7, 8, and 9) and colored with brom-cresol purple and cresol-red in their respective ranges for comparison with identical solutions with out oil; there was not the slightest evidence of changed reaction either after shaking together cold, or during, or immediately after heating.
An attempt to make a better showing for the oil by heating the mixture of alkaline glucose methylene blue solution in the autoclave for twenty minutes at 25 pounds pressure (267°C.) gave no better results. Neither was separate heating of solution and oil either in the boiling water bath or in the autoclave, followed by immediate layering, as efficacious in preventing the return of color as heating together in the water bath.
Vigorous boiling of the solution under the oil by the cautious use of a 1 10°C. saturated salt solution while accelerating the rate of decolorization failed to show any material advantage in excluding the air as judged by the time in which the color returned.
Several attempts to layer oil at or near its own boiling point (about 300°C.) upon decolorized solution at 100°C. resulted disastrously in breakage of glassware and almost explosive scattering of hot oil. Cooled rapidly to about 120°C. in a few exeriments I had the gratification of seeing the solution under the oil, even without the marble seal, remain completely decolorized for nearly twenty-four hours; with the marble seal in the oil it remained so for much longer. In still other experiments where the oil was heated to boiling and allowed to cool even for a few minutes, to as low as 60'C. and then immediately brought If one increases the depth of solution in a tube without oil, several times over that of a similar tube with oil, both being equally decolorized by boiling, the former may be seen to regain its color even before the latter.
These experiments lend little support to the use of oil as a means of anaerobiosis and limit the technic where it is used to layering on of freshly boiled oil quickly cooled nearly to 100°C., but even in this case it is less efficacious than the marble seal.
In none of the experiments with alkaline glucose methylene blue solution has there been any evidence of absorption of the dye by the oil. Methylene blue is insoluble in oil. A bluish tinge sometimes observed in the oil layer is really due to the dye dissolved in a filn of water which separates the oil from the glass wall as I have mentioned elsewhere (1917) The importance in such observations of having a sufficient quantity of test solution is shown in the following experiment which offers a comparison of the results with equal ratios but differing absolute quantities of test solution and seal.
The liquid test solution was the usual 2 per cent glucose, with N/500 NaOH, and 1:100,000 methylene blue; the agar test solution was 2 per cent agar with N/i NaOH and 1:100,000 methylene blue; the seal was vaseline. The mixtures were made in tubes of 10 cm. diameter and heated in a boiling water bath for a few minutes to decolorize. They were allowed to stand overnight at room temperature and then examined for recoloration. The results appear in table 5. Depth of agar, 7 cm. Depth of parafine and oil, 2.5 cm.
An equal amount of paraffine in a similar tube, however, reduced the band of undecolorized medium to 1 cm. in sixteen hours. In a comparison of these three conditions where boiling was used as a means of immediate decolorization followed by rapid cooling and incubation at 370C., the measurements of the blue band indicated (in centimeters) in table 6 were made.
An analogous comparison of paraffine and vaseline of approximately equal melting points (500C.) and boiling points (about 300°C.) showed vaseline to be superior even to paraffine. Table  7 shows the actual measurements in centimeters (alkaline methylene blue agar 7 cm. deep).
The recession of the band under paraffine and vaseline was not peculiar to this particular experiment; it has frequently been JOURNAL OF BACTERIOLOGY, VOL. VI, NO. 1 seen, but never with oil nor in media without covering except under the influence of light. It has a logical explanation, I believe in the assumption that a certain limited amount of oxygen and carbon dioxide are absorbed from the seal, thus accounting for the band observed, but failure or reduction in the supply coming through when the seal hardens permits the loss by diffusion from the lower surface of the blue band of these gases into the deeper layers of medium and their dilution thereby to a cncentration insufficient to recolor the dye. Passage of commercial carbon dioxide through similar solutions of the dye for one hour failed to decolorize the cold solution although the hot solution remained decolorized during this part of the experiment but soon regained the blue color after sealing. Reheating these solutions failed to decolorize either of them, without further addition of alkali. Here is a situation, which, barring the known inhibitive action due to improper acidity for certain organisms, might yield satisfactory results in the case of certain others, as Pasteur found, without permitting a satisfactory degree of alkalinity for the decolorization of methylene blue.
Coming now to the matter of chemical reduction of oxygen tension, we conceive that in so far as regards reducing agents in the medium, they have been sufficiently dealt with already, and the necessity of recognizing limitations of time and space 36 on November 4, 2017 by guest http://jb.asm.org/ Downloaded from reduces this discussion, in so far as it relates to chemical reduction by. means of an agent in the air chamber, to the most valuable agent with which we have to deal, i.e., alkaline-pyrogallol.
Inasmuch as this reagent finds a legitimate use only in connection with attempts to secure surface colonies on solid media, it is to this that we have limited our attention. Buchner's (1888) original technic involving the use of a small tube containing slanted culture medium (2 per cent agar, methylene blue 1:100,000, N1100 NaOH) in a longer one containing the usual alkaline pyrogallol mixture gave satisfactory results when the cotton stopper was left out of the inner tube, but otherwise did not, unless the tube were inverted. Decolorization begins, as does growth of obligate anaerobes on suitable media, in the thinnest portion of the slant. In Wright's (1901) modification, which involves the saturation of the plug with the mixture, sealing by rubber stopper, and inversion, even better results were obtained. In either case partial decolorization appeared at the surface in less than twenty-four hours at 37°C. and continued to completion within two to three days. Both these methods, but notably the last, have given quite satisfactory results in the surface .cultivation of B. tetani, B. welchii, B. sporogenes, B. chauveauii, B. botulinus, and many unidentified anaerobes. Wright's method has been relied upon largely for repeated surface colony isolation of the writer's cultures.
Two plating methods for surface culture have been studied in connection with the methylene blue test, namely Lentz's (1910) It is shown that while there is a direct relation between the amount of dye decolorized by heating and the amounts of alkali and glucose, there is an inverse relation between the last two factors in the test, so that an increase in one permits a decrease in the other for the same result.
Carbon dioxide, as well as oxygen, is shown to be an effective factor in the recoloration of decolorized methylene blue.
Various methods of anaerobiosis are viewed critically in the light of experimental tests with carefully balanced solutions of alkaline glucose methylene blue in comparison with cultural tests with B. Welchii, B. tetani, B. botulinus, and other obligate anaerobes.
A detailed study of the decolorization of methylene blue by plant and animal tissues is described, showing the important role of adsorption as a means of decolorization by these and other porous substances. The extraction from plant and animal tissues of reducing. substances for methylene blue, active in alkaline solution, is described.
The efficacy of deep culture methods for anaerobes is shown while the inefficacy of insoluble liquid (i.e., oil) seals is contrasted with the reliability of semi-solid waxes and greases, and that of mechanical seals.
The short-comings of certain methods of surface culture of obligative anaerobes are exposed and the value of a modification of Wright's method upheld by these studies.
Finally, the desirability is indicated of determining exactly to what degree of oxygen tension reduction the decolorization of methylene blue corresponds, and whether-decolorization occurs at a definite hydrogen ion concentration irrespective of the sugar content of the solution.
